In this paper, the results of trend analysis applied to precipitation and temperature monthly data for the period from 1962 to 2014 is presented for the hydrological year (from November to October) in sixteen climatic stations in Eastern Slovakia. The topography of this part of the country is very diverse and it affects the climate. The Mann-Kendall non-parametric test coupled with Sen's slope was applied to identify the significant long-term climatic trends, as well as the magnitude of those trends. According to the present study, all climatic stations in Eastern Slovakia show a positive trend in temperature during the year and almost all of them show a significant positive annual trend in temperature. Seasonal and monthly trend analyses produced the same results. Trends in temperature are always positive during winter and spring. Trends in precipitation are also mostly positive during winter and spring, although some negative trends were also found during these seasons. The spatial distribution of precipitation and temperature trends was modelled in ArcGIS using geostatistical analysis. Abrupt positive trend shifts in annual precipitation and temperature time series were also investigated. An abrupt shift in precipitation at the highest climatic station, Lomnický peak, began around 1985 (+). Abrupt shifts in temperature began around 1970 (+) at the presented climatic stations. The extremity of the climate is confirmed by an analysis of the trends in wet and dry spells. Trends showed increasing tendencies in medium-and long-term wet spells.
Introduction
Spatial and temporal variability in precipitation and temperature time series is important from both scientific, as well as practical, points of view. In the last decades the interest in precipitation, Tomozeiu et al. [36] examined the spatial and temporal variability of summer precipitation in Northern Italy. They found an increasing trend with a significant upward shift around 1962 at almost all analysed stations. In contrast Buffoni et al. [37] identified a decreasing trend in annual precipitation series over all Italy, although it was statistically significant only in the central south. Karpouzos et al. [38] investigated the temporal variability of precipitation in the Prieria region, located in Northern Greece. A downward trend, even though not statistically significant, was derived in the study area, mainly in spring. Tişcovschi et al. [39] investigated changes recorded in Romania's climate. Trends in temperature in Serbia were detected by Gocic and Trajkovic [40] . They indicated increasing trends in both annual and seasonal minimum and maximum air temperature series.
Sayemuzzaman and Jha [41] and Sayemuzzaman et al. [42] investigated climate variability in North Carolina, United States. They found decreasing trends in Tmax and increasing trends in Tmin data series on a sub-seasonal scale. Mixed trends (increasing and decreasing) were detected in annual, spring, and summer precipitation data series. Alexander et al. [43] were able to incorporate studies across different regions to obtain a global picture of trends in extreme precipitation and temperature. Unlike those of extreme temperature, trends in extreme precipitation were commonly found to be spatially incoherent. In this regard, more recent studies have maximized the spatial availability of observations to examine trends in precipitation extremes.
This paper presents temporal, as well as spatial, precipitation and temperature trends using the Mann-Kendall non-parametric test at climatic stations in the eastern part of Slovakia.
Materials and Methods

Study Area
Slovakia is located in the northern moderate climatic zone. There are four seasons during the year-spring, summer, fall and winter. The topography of Slovakia is very diverse, and altitude is an important factor affecting the temperature and precipitation.
The area under study is depicted in Figure 1 . The locations of climatic stations in Eastern Slovakia are listed in Table 1 . In contrast Buffoni et al. [37] identified a decreasing trend in annual precipitation series over all Italy, although it was statistically significant only in the central south. Karpouzos et al. [38] investigated the temporal variability of precipitation in the Prieria region, located in Northern Greece. A downward trend, even though not statistically significant, was derived in the study area, mainly in spring. Tişcovschi et al. [39] investigated changes recorded in Romania's climate. Trends in temperature in Serbia were detected by Gocic and Trajkovic [40] . They indicated increasing trends in both annual and seasonal minimum and maximum air temperature series. Sayemuzzaman and Jha [41] and Sayemuzzaman et al. [42] investigated climate variability in North Carolina, United States. They found decreasing trends in Tmax and increasing trends in Tmin data series on a sub-seasonal scale. Mixed trends (increasing and decreasing) were detected in annual, spring, and summer precipitation data series. Alexander et al. [43] were able to incorporate studies across different regions to obtain a global picture of trends in extreme precipitation and temperature. Unlike those of extreme temperature, trends in extreme precipitation were commonly found to be spatially incoherent. In this regard, more recent studies have maximized the spatial availability of observations to examine trends in precipitation extremes.
Materials and Methods
Study Area
The area under study is depicted in Figure 1 . The locations of climatic stations in Eastern Slovakia are listed in Table 1 . The territory under this study in Slovakia lies in the eastern part of the country, particularly in the Bodrog and Hornád river basins. The morphological type of terrain in the Hornád valley is dominated by rolling hills, higher and lower uplands. The southern sub-basin is part of a plain and the Slovakian Karst and is formed by moderately higher uplands [44, 45] . The geological structure of the territory determines the hydro-geological conditions of the basin. The sub-basin of the Hornád valley can be assigned to areas with a strong predominance of impervious or poorly permeable rock with moderate to low permeability. Well-drained rock with high permeability exists only in the Spiš and Gemer areas and in the Slovakian Karst near Košice. The Bodrog watershed area, consisting of the Cirocha, Laborec, Latorica, Ondava, Topl'a, and Uh river basins, is located in two orographic subassemblies, which are the Carpathian Mountains and the Pannonian Basin. The morphological type of the relief is predominantly flat in the southern part, hilly in the northern part. The Bodrog river valley has varied climatic conditions. Precipitation is highly differentiated. The highest annual totals are mainly in the eastern border mountains and Vihorlat where rainfall totals are about 1000 mm. Decrease in total precipitation is quite marked directly to the south, where annual totals fall to below 800 mm. The Michalovce, Lastomír, and Medzibodrožie lowlands rank among the driest in the eastern region (550 mm rainfall per year).
Data
Monthly precipitation and temperature data recorded at 16 climatic stations in Eastern Slovakia operated by Slovak Hydrometeorological Institute were collected for this study. In all, a network stations data length from 1962 to 2014, it means 53 years of data for hydrological year in Slovakia (from November to October), were set up to study precipitation and temperature trends in Eastern Slovakia. This length of data set satisfies the minimum required length in searching for evidence of climate change in hydroclimatic time-series as proposed by Burn and Elnur [46] .
Statistical Analysis
Trend analysis for hydrological time series is an important and popular tool for better understanding the effects of climate variation and anthropogenic activities.
In this study the non-parametric Mann-Kendall test is used for the detection of the trend in a time series. This test is widely used in environmental science because it is simple and robust and can cope with missing values and values below a detection limit. The first proposal of the test was by Mann [47] and Kendall [48] . The Mann-Kendall (MK) test is a rank-based nonparametric test for assessing the significance of a trend, and has been widely used in hydro-meteorological trend detection studies [46] . A serious problem in detecting and evaluating trends in hydrologic data is the effect of serial dependence [49] . Inconsistencies in hydroclimatical data recording may occur due to various reasons, such as: instrumentation, changes in observation procedures, or changes in gauge location or surrounding conditions [43] . That is, if an autocorrelation exists in a time series, the MK test tends to reject the null hypothesis of no trend more often than the specified level of significance [50] . Methods that consider autocorrelation in trend detection were reviewed by Khaliq et al. [51] . In this paper we use a trend-free pre-whitening method before applying the MK test to detect significant trends, as the MK test requires the time series to be serially independent. The applications carried out considered the significance level α = 0.05 and, accordingly, MK statistics (Z): Z α/2 = 1.645. Positive values of Z indicate increasing trends, while negative values of Z show decreasing trends.
The trend-free pre-whitening (TFPW) procedure [52] was applied to detect a significant trend in a serially correlated time series, although it shows very high Type I error rates with increasing autocorrelation. The original sample data X t were unitized by dividing each of their values by the sample mean E(X t ) prior to conducting the trend analysis.
The magnitude of the trend was determined using Sen's estimator. Sen's method assumes a linear trend in the time series and has been widely used for determining the magnitude of trend in hydro-meteorological time series [22, 26, [52] [53] [54] [55] [56] [57] . In this method, the slopes (β) of all data pairs are first calculated by:
for i = 1, 2, ..., N, where x j and x k are data values at times j and k (j > k) respectively, and N is the number of all pairs x j and x k . A positive value of β indicates an upward (increasing) trend and a negative value indicates a downward (decreasing) trend in the time series.
As a novel method we applied the Sen trend detection test [58] . A recorded hydrological time series is divided into two equal halves from the first date to the end date, and both sub-series are separately sorted in ascending manner. The first sub-series (X i ) is then located on the X-axis, and the other sub-series (X j ) is located on the Y-axis (Figure 2 ) based on the Cartesian coordinate system. If data are collected on the 1:1 (45 • ) straight line, it can be said that there is no trend (a trendless time series). If data are in the triangular area below the 1:1 straight line, it can be said that there is a decreasing trend in time series. If data are in the triangular area above the 1:1 straight line, it can be said that there is an increasing trend in time series [58] [59] [60] . Moreover, low, medium, and high values of a parameter can be graphically evaluated with this method. This method was applied by Sen [60] on long-term recorded variables of precipitation, annual flow [58] , and temperature [59] . effect of serial dependence [49] . Inconsistencies in hydroclimatical data recording may occur due to various reasons, such as: instrumentation, changes in observation procedures, or changes in gauge location or surrounding conditions [43] . That is, if an autocorrelation exists in a time series, the MK test tends to reject the null hypothesis of no trend more often than the specified level of significance [50] . Methods that consider autocorrelation in trend detection were reviewed by Khaliq et al. [51] . In this paper we use a trend-free pre-whitening method before applying the MK test to detect significant trends, as the MK test requires the time series to be serially independent. The applications carried out considered the significance level α = 0.05 and, accordingly, MK statistics (Z): Zα/2 = 1.645. Positive values of Z indicate increasing trends, while negative values of Z show decreasing trends. The trend-free pre-whitening (TFPW) procedure [52] was applied to detect a significant trend in a serially correlated time series, although it shows very high Type I error rates with increasing autocorrelation. The original sample data Xt were unitized by dividing each of their values by the sample mean E(Xt) prior to conducting the trend analysis.
for i = 1, 2, ..., N, where xj and xk are data values at times j and k (j > k) respectively, and N is the number of all pairs xj and xk. A positive value of β indicates an upward (increasing) trend and a negative value indicates a downward (decreasing) trend in the time series.
As a novel method we applied the Sen trend detection test [58] . A recorded hydrological time series is divided into two equal halves from the first date to the end date, and both sub-series are separately sorted in ascending manner. The first sub-series (Xi) is then located on the X-axis, and the other sub-series (Xj) is located on the Y-axis (Figure 2 ) based on the Cartesian coordinate system. If data are collected on the 1:1 (45°) straight line, it can be said that there is no trend (a trendless time series). If data are in the triangular area below the 1:1 straight line, it can be said that there is a decreasing trend in time series. If data are in the triangular area above the 1:1 straight line, it can be said that there is an increasing trend in time series [58] [59] [60] . Moreover, low, medium, and high values of a parameter can be graphically evaluated with this method. This method was applied by Sen [60] on long-term recorded variables of precipitation, annual flow [58] , and temperature [59] . 
Spatial Distribution of Trends
We have used the modelling and analysis tools of ArcGIS-Geostatistical Analyst-in modelling the spatial distribution of precipitation and temperature trends. Geostatistics is based on the regionalization of random variables in a given area. A set of random variables generates a random function. The random function model is based on a study of the spatial variability of the studied phenomenon in different directions-an experimental variogram. The result of this study is a mathematical model of the variogram defined by changing the spatial variability in different directions of space through anisotropy and autocorrelation. Calculation of the empirical semivariogram is written in the form given by Clark [61] :
where: γ (h) is estimated semivariation for the distance h; n(h) is the number of pairs of measured points separated by a distance h; z(s i ) is a measured value in point (s i ). The first step is the calculation of the empirical semivariogram, followed by the transfer of the empirical semivariogram into its theoretical model and determining its parameters. The model found for a given set of data depends on the experimental and theoretical assumptions.
The determining of semivariogram parameters is followed by the actual process of estimating the phenomenon of unknown values based on known data-kriging [61] .
The results of this modeling are presented in Figures 4 and 6.
The results of trend analysis for the precipitation and temperature time series are discussed in Section 3.
Shift Analysis
A trend changes over time, beginning with the trend year, and abrupt trend detection analysis is important for understanding the regime shift across the study area over the study period [42] . An extension of the MK test, the Sequential Mann Kendall (SQMK) test, is widely used to detect the time when a trend has a shift. SQMK is a sequential forward and backward analysis of MK test results [41, 62, 63] . We used the SQMK test in this study to detect change in regime. If the two series cross each other, the year of crossing is the year of the trend change [61] . If the two series cross and diverge for a longer period of time, the beginning divergent year is the year of the trend change [41, 62] .
Dry/Wet Spells
Daily precipitations in mm are measured with a standard rain gauge with an opening of 500 cm 2 , which is elevated one meter above the ground. Climatic stations are part of the national network of the Slovak Hydrometeorological Institute.
For all stations we also analyzed numbers and trends of the dry/wet periods. A dry spell is considered as the number of consecutive days without precipitation. A wet spell is the number of consecutive days with precipitation greater than 0.1 mm. We divided the duration of dry periods into the following categories:
• ST-short-term dry/wet period with a length in the range from 1 to 5 days; • MT-medium-term dry/wet period with a length of between 6-10 days; and • LT-long-term dry/wet period with duration of 11 days or more.
For each station we subsequently produced graphs of dry/wet periods which contain the sum of the individual categories ST, MT, or LT, and trends were stated based on the MK test.
Results
Data series for the 53-year period from 1962 to 2014 were considered for trend detection. In Sen's method the slope of all the data points is calculated and their median value is Sen's estimator of the slope. The evaluation was done for the time period from November to October (XI-X). The seasons during the year are represented by months marked in the Tables-winter (November, December, January) (XI-I), spring (February, March, April) (II-IV), summer (May, June, July) (V-VII), and fall (August, Septebmer, October) (VII-X). We also evaluated the trends in cold period during the year (November-April) (XI-IV) and warm period of the year (May-October) (V-X) in the study area. Bold values indicate statistical significance at 95% confidence level as per the Mann-Kendall test (+ for increasing and − for decreasing).
Precipitation Trends
Results of precipitation analysis are presented for annual and seasonal data ( Table 2) , as well as for monthly data (Table 3) . Almost all climatic stations in Eastern Slovakia show positive although not significant trends in annual and seasonal precipitation ( Table 2 ). Climatic stations: Poprad, Plaveč nad Popradom, and Medzilaborce present a significant increasing trend in annual precipitation. These are situated in a mountainous area at altitudes more than 300 m above sea level (Table 1) . Seasonal trend analysis produced the same results: most of the climatic stations confirmed increasing trends in precipitation in the study area. Significant positive trends are found at the Lomnický peak station in the High Tatra mountains. Significant positive trends in precipitation are evident during the summer season. No significant trends are found in the fall. Trends in precipitation are also mostly positive during winter and spring, although some negative trends were also found during these seasons.
Regarding trend analysis of monthly precipitation data (Table 3) , no clear general increasing trend or decreasing trend in precipitation was found although several significant positive trends in precipitation were detected at specific stations in this area. Clear significant positive trends were identified at the Lomnický peak climatic station, which is the highest station in Slovakia-2635 m asl. (Table 1 ). The trend slope increase in precipitation was up 2.21 mm/month. Trend analysis in the months January, May, July, and October show all trends as positive. A significant declining trend was demonstrated only in August at two climatic stations.
Trends of precipitation with Sen test are illustrated in Figure 3 for Košice and Skalnaté Pleso stations. These figures show variations of precipitation in the stations, and it can be seen as trendless time series of the data at Košice station and increasing time series at Skalnaté Pleso station. Regarding trend analysis of monthly precipitation data (Table 3) , no clear general increasing trend or decreasing trend in precipitation was found although several significant positive trends in precipitation were detected at specific stations in this area. Clear significant positive trends were identified at the Lomnický peak climatic station, which is the highest station in Slovakia-2635 m asl. (Table 1 ). The trend slope increase in precipitation was up 2.21 mm/month. Trend analysis in the months January, May, July, and October show all trends as positive. A significant declining trend was demonstrated only in August at two climatic stations.
Trends of precipitation with Sen test are illustrated in Figure 3 for Košice and Skalnaté Pleso stations. These figures show variations of precipitation in the stations, and it can be seen as trendless time series of the data at Košice station and increasing time series at Skalnaté Pleso station. 
Spatial Distribution of Precipitation Trends
Spatial distribution of climatic stations in eastern Slovakia with magnitude of trend (red colour presents a decreasing trend and blue colour presents an increasing trend) for the monthly data series (XI-X) during the period 1962-2014 is presented in Figure 4 . 
Spatial distribution of climatic stations in eastern Slovakia with magnitude of trend (red colour presents a decreasing trend and blue colour presents an increasing trend) for the monthly data series (XI-X) during the period 1962-2014 is presented in Figure 4 . Positive trends, excluding August, prevail in this area. Significant positive trends were detected in July. Increasing trends in precipitation are evident in the north in the mountain area. This part of the country has proved most vulnerable to flash floods in the last few years.
Temperature Trends
Results of temperature analysis are presented for annual and seasonal data (Table 4) , as well as for monthly data (Table 5 ). All climatic stations in eastern Slovakia show positive annual and seasonal trends in temperature during the evaluated period and almost all of them show significant positive annual trend in temperature. Seasonal trend analysis confirmed the same results. Significant positive trends are evident in temperature during the summer season. No significant trends were found in the fall, although all trends in temperature during this season show an increasing trend. Trends in temperature are always positive during winter and spring. Monthly trends in temperature demonstrate positive trends at almost all climatic stations throughout the year in the study area. In January, and in the period from April to August, the MK test found even significant positive trends at almost all the stations. No significant negative trends were found in temperature data series analysis. Only in 6% of monthly temperature data series was there a negative trend, and mostly in September. The highest trend slope increase in temperature is 0.08 • C/month.
Trends in temperature with the Sen test are illustrated in Figure 5 for Košice and Skalnaté Pleso stations. These figures show clear increasing time series trends of the data from both stations.
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Spatial Distribution of Temperature Trends
The location of climatic stations and the magnitude of temperature trends (blue colour presents a decreasing trend and red colour presents an increasing trend) for the monthly data series (XI-X) during the period 1962-2014 are displayed in Figure 6 . 
The location of climatic stations and the magnitude of temperature trends (blue colour presents a decreasing trend and red colour presents an increasing trend) for the monthly data series (XI-X) during the period 1962-2014 are displayed in Figure 6 . Increasing trends prevail in the study area. Significant positive trends are detected mainly in the southern part of the country and the East Slovakias Lowlands. The largest urban area in Eastern Slovakia is situated there-the city of Košice with the Košice airport climatic station.
Precipitation and Temperature Shift Analysis
The analysis was conducted only for time series with significant MK trend at the 95% confidence level. Table 6 indicates significant trend (bold values) in annual precipitation and temperature time series. Increasing trends prevail in the study area. Significant positive trends are detected mainly in the southern part of the country and the East Slovakias Lowlands. The largest urban area in Eastern Slovakia is situated there-the city of Košice with the Košice airport climatic station.
The analysis was conducted only for time series with significant MK trend at the 95% confidence level. Table 6 indicates significant trend (bold values) in annual precipitation and temperature time series. 
Lomnický peak
Forward series Backward series The abrupt positive trend shift of annual precipitation series at Lomnický peak climatic station (where the Z statistic is extremely high as stated in Table 6 ) began around 1985, and becomes significant from around 1997 until the present time ( Figure 7) . Figure 8 indicates results of the SQMK test in the temperature time series. The identified shift year represents the initiation of a positive trend in temperatures that is most evident at two climatic stations-(a) Skalnaté Pleso (mountain area) and (b) Košice airport (the largest city in the study area).
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Forward series Backward series In this paper, the results of trend analysis applied to precipitation and temperature monthly data in Eastern Slovakia are presented for the hydrological year (from November to October).
The Mann-Kendall non-parametric test coupled with Sen's slope analysis was applied to identify the significant long-term climatic trends, as well as the magnitude of those trends. Increasing trends were found in both analysed hydrological variables, mainly in temperature. The abrupt trend analysis shift produces the idea that all abrupt shifts in temperature trend (95% confidence interval) were found around 1970 and became significant around 2000.
Trends of Dry/Wet Spells
Frequency and trends of short-term, medium-term, and long-term wet/dry spells were also analysed with the non-parametric Mann-Kendall test. Figure 9 presents the number of short-term, medium-term, and long-term dry/wet spells at the analysed climatic stations in Eastern Slovakia.
In this paper, the results of trend analysis applied to precipitation and temperature monthly data in Eastern Slovakia are presented for the hydrological year (from November to October). The MannKendall non-parametric test coupled with Sen's slope analysis was applied to identify the significant long-term climatic trends, as well as the magnitude of those trends. Increasing trends were found in both analysed hydrological variables, mainly in temperature. The abrupt trend analysis shift produces the idea that all abrupt shifts in temperature trend (95% confidence interval) were found around 1970 and became significant around 2000.
Frequency and trends of short-term, medium-term, and long-term wet/dry spells were also analysed with the non-parametric Mann-Kendall test. Figure 9 presents the number of short-term, medium-term, and long-term dry/wet spells at the analysed climatic stations in Eastern Slovakia. Table 7 indicates a significant trend at the 95% confidence level (bold values) in wet/dry spells at the climatic stations in Eastern Slovakia. There is an evident significant positive trend in mediumterm and long-term wet spells. The field of the average number of days with precipitation ≥0.1 mm is more differentiated than the field of the average number of days with a higher daily precipitation total. There is a certain risk that such low precipitation totals are sometimes not properly registered by the volunteer observers. In the case of daily precipitation totals ≥1.0 mm such uncertainty does not exist. In the territory of Slovakia, we register great variation in the average annual number of days with precipitation for all of the analysed daily amount intervals. In all of these intervals the lowest values of the average number of days with precipitation were recorded in the area of Southern Slovakia, especially in the East Slovakian Lowlands. There is a relatively large region in the southern part of Slovakia where the average number of days with precipitation ≥0.1 mm per year was just slightly above 100 days. This value represents about half of the number of days with precipitation ≥0.1 mm of the locations exposed to precipitation in the Tatra Mountains (northern part of the country). There is a similar ratio even in the case of the average annual number of days with precipitation ≥1.0 mm and 5.0 mm. It is interesting that the average annual number of days with precipitation ≥10.0 mm has a relatively greater dispersion of values between the lowland and mountainous regions. For example, in the lowlands of Slovakia the number of such days per year on average is around 15, while in the Tatra Mountains it is about 50. This is due to the fact that the yearly course of days with lower precipitation totals is Table 7 indicates a significant trend at the 95% confidence level (bold values) in wet/dry spells at the climatic stations in Eastern Slovakia. There is an evident significant positive trend in medium-term and long-term wet spells. The field of the average number of days with precipitation ≥0.1 mm is more differentiated than the field of the average number of days with a higher daily precipitation total. There is a certain risk that such low precipitation totals are sometimes not properly registered by the volunteer observers. In the case of daily precipitation totals ≥1.0 mm such uncertainty does not exist. In the territory of Slovakia, we register great variation in the average annual number of days with precipitation for all of the analysed daily amount intervals. In all of these intervals the lowest values of the average number of days with precipitation were recorded in the area of Southern Slovakia, especially in the East Slovakian Lowlands. There is a relatively large region in the southern part of Slovakia where the average number of days with precipitation ≥0.1 mm per year was just slightly above 100 days. This value represents about half of the number of days with precipitation ≥0.1 mm of the locations exposed to precipitation in the Tatra Mountains (northern part of the country). There is a similar ratio even in the case of the average annual number of days with precipitation ≥1.0 mm and 5.0 mm. It is interesting that the average annual number of days with precipitation ≥10.0 mm has a relatively greater dispersion of values between the lowland and mountainous regions. For example, in the lowlands of Slovakia the number of such days per year on average is around 15, while in the Tatra Mountains it is about 50. This is due to the fact that the yearly course of days with lower precipitation totals is relatively more regular than it is in the case of daily precipitation totals ≥10.0 mm. Such high daily precipitation totals are characteristic of the mountainous regions during all the seasons, however, they are most frequent in the summer months. In the lowlands, there is a relatively high difference in occurrence of such days with higher overall precipitation totals in the summer and winter months [64, 65] . This influences the annual course, which becomes more expressive.
Discussion and Conclusions
Hydroloclimatic time series in Slovakia, mainly precipitation, have been investigated in various studies [12, [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] [76] [77] . Lapin et al. [73] analysed seasonal changes in monthly precipitation for future time horizons on the basis of downscaled outputs from General Circulation Model (GCM) scenarios. In Slovakia seasonality analysis was applied mainly in connection with the regionalisation of floods [74] . Gaál [75] also analysed the maximum n-day precipitation totals in Slovakia and applied seasonality indices of mean monthly and extreme precipitation regionalization over Slovakia. Kriegerová and Kohnová [76] analysed the seasonality of rainfall and snowmelt-induced floods in 142 small and mid-sized catchments in Slovakia and found that convective storms are the main causal factor of annual peak discharges. They concluded that the seasonality indices represent an important indicator of flood processes, and can be used as a pooling characteristic in regional flood frequency analysis. None of the mentioned scientific papers investigated trends in hydroclimatic time series in Slovakia, although Blahušiaková and Matoušková [77] analysed trends and causes of changes of selected hydroclimatic variables influencing the runoff regime in the upper Hron River basin (Slovakia). The Mann-Kendall test shows a significant decrease in runoff in the winter period in that area. One of the causes of runoff decline lies in changes in seasonal distribution of precipitation amounts.
Atmospheric precipitation is usually considered together with the air temperature as the most important meteorological parameter. It also belongs among the most changeable meteorological elements from both spatial and temporal points of view. Atmospheric precipitation is most influenced by geographic location area, altitude, and exposure to the prevailing wind, bringing moist air masses and frontal systems. The Intergovernmental Panel on Climate Change [1] provides a comprehensive review of the potential impacts on the hydrological variables of the human-induced climate changes. It states that such changes will likely increase runoff in the higher latitude regions because of increased precipitation; moreover, the flood frequency is expected to change in some locations and the severity of drought events could also increase as a result of the changes both in precipitation and evaporation. Observations show that changes are occurring in the amount, intensity, frequency, and type of precipitation. The frequency of extreme temperatures during the summer is likely to be higher [1] . This paper describes the application of a procedure that identifies trends in climatic variables, specifically precipitation and temperature in Eastern Slovakia. The East Slovakian Lowlands are the warmest and the driest region of Eastern Slovakia with an annual average temperature around 8 • C and precipitation around 600 mm. The coldest places are the mountainous areas-the High Tatras in the north of Eastern Slovakia with the average temperature of −3 • C and with precipitation over 2000 mm.
The non-parametric Mann-Kendall test was applied to detect trends and to assess the significance of the trends in the time series. This statistical test has been widely applied to assess the significance of trends in climatological time series. The significance of trends in a 53-year climatological time series was assessed with the Mann-Kendall test at the significance level of 0.05. We investigated the precipitation and temperature data in the study area-the eastern part of the Slovak Republic-at 16 climatic stations in which no gaps in the data were presented. The Sequential Mann-Kendall test was used to detect changes in precipitation and temperature trends.
From the spatial point of view, the maximum annual precipitation amounts were recorded in the mountainous areas, and the minimum amounts in the southeastern lowlands of Slovakia (Figure 4) . Although the generally driest month is August, the highest decreasing trend in temperature was found in January ( Figure 6 ). During the warm period (from May to October) convection precipitation [12] seems to play the main role. Our opinion is based on the spatial distribution of the highest precipitation amounts falling mainly in the mountainous and highland areas of Slovakia. However, the lowland parts (Southeastern Slovakia) are also relatively well supplied with rain compared to the winter months. In this case, the reason could also be some influence of the European monsoon [78] . The role of the European monsoon as a driver of the precipitation regime in late spring and early summer was historically discussed by Konček [79] . On the basis of these observations, we argue that there is an evident role of the atmospheric circulation in driving precipitation distribution over the studied region.
The application of trend detection in Eastern Slovakia has resulted in the identification of a few increasing significant trends in precipitation, but clearer increasing significant trends in temperature data. Temporal differences were noted in the occurrence and the direction of trends implying that a systematic framework is essential for detecting trends that might arise as a result of climatic variability. Temporal differences in the trends likely reflect non-uniform changes in the meteorological variable. Spatial differences in the trend results can be expected to occur as a result of spatial differences in the changes in precipitation and temperatures over the study area and spatial differences in the country characteristics. A slight decrease in precipitation was confirmed in November and August, while all other months showed an increasing trend in precipitation. Increasing temperatures were found at all the stations over the study area. As expected, trends show large variability in magnitude and direction of the trend from one station to another related to the topography of the country. It is clear that slight climatic changes may have affected the magnitude and timing of the atmospheric variables within the study area.
Low, medium, and high values of precipitation and/or temperatures were examined using the Sen trend test. It was seen that although there was significantly no trend in some of the parameters according to the MK test, increasing, decreasing, or trendless time series were seen for the same parameters with respect to Sen's method. Sen's method provided us with more detail about the trends in the parameters (precipitation and/or temperatures) than the MK method in terms of the evaluation of low, medium, and high values.
Shift analysis was done with the Sequential Mann-Kendall test and proved that an abrupt shift in positive trends in temperatures were found in 1970.
Spatial distributions of the average annual number of days with precipitation depends, inter alia, on the value of the daily precipitation total. There is an obvious difference between short-term, medium-term, and long-term wet/dry spells occurrence. The mountainous climatic stations at Lomnický peak and Skalnaté Pleso show evidently higher numbers of medium-term and long-term wet spells occurring and lower numbers of short-term wet spells occurring compared with the other climatic stations, and vice versa. The trend in medium-term and long-term wet spells is increasing and in long-term dry spells is decreasing, mainly at stations with higher altitude, but increasing at lowland stations. This paper develops, for the first time, a full picture of recent precipitation and temperature trends and wet/dry spells occurrence at climatic stations across the region of Eastern Slovakia, which should be of interest to future agriculture, landscape management, and water resource management decision-makers. The achieved results could be a valuable basis for integrated water resources management in the study area. Public interest in the protection and use of water resources in urban areas requires consistent protection of water and soil and the sustainable management of water and land resources in the individual communities. Constraints in water management are mainly due to the unequal distribution of water in the area. In the course of the year the amount of water in the area is usually significantly changing. The precipitation characteristics, based on the overall daily total, as well as temperature data series, are important with regard to human activities. Even small precipitation totals affect road conditions and, thus, also traffic safety. Data on the number of days with higher precipitation totals can, for example, help in the planning of irrigation systems in agriculture. Temperature influences evaporation and the growing of crops. Excess water causes problems for the population, farmers, industry, and municipalities, particularly during floods. The same problem also causes water shortages mainly during the dry season. The best option is a sufficient amount of water resources throughout the year being present in the whole area, as well as in this period of climate change. Public interest further includes ensuring people's access to drinking water, provision of wastewater treatment, minimizing flood risks in river basins and in the municipalities, and ensuring appropriate protection systems against floods and droughts. The rational use of water involves adapting to its natural occurrence in the area.
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